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Abstract – Broadband superluminescent light emitting diodes 

(SLEDs) are attractive light sources for various applications in the 

visible and near-infrared spectral region. Those applications may 

require SLEDs with certain spectral bandwidth and output power 

characteristics, but they may also define a minimum polarization 

extinction ratio (PER) that these light sources must deliver. The 

PER is characterized by the relative amount of TE- and TM-polar-

ized light output. We show that, for a given wavelength region, the 

PER can be varied over a range as large as ~15 dB by using qua-

ternary compounds for the active-region layers with properly cho-

sen material composition. An example of SLEDs operating at a 

wavelength around 800 nm is presented.    

I. INTRODUCTION 

Superluminescent light emitting diodes (SLEDs) are effi-

cient, edge-emitting semiconductor light sources that emit 

broadband light with several tens of milliwatts of output power. 

SLEDs typically operate at wavelengths from 400 nm to 1700 

nm with broadband emission of 5-150 nm FWHM. The electro-

optical performance is based on amplifying spontaneous emis-

sion (ASE) through stimulated emission along an optical wave-

guide [1]. These characteristics make them attractive light 

sources for various applications, including biomedical imaging, 

fiber optic gyroscopes, fiber sensing, metrology, display systems 

or other applications.  

The light emission at the output facet consists of TE- and 

TM-polarized components, normally, with unequal power con-

tent. The power ratio is characterized by the polarization extinc-

tion ratio (PER), which is defined as
TE TM
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For most applications, SLEDs with high PER values are pre-

ferred, i.e., most of the emitted light output should be polarized 

in TE (p-pol or horizontal) direction. Other applications may not 

depend on the PER while certain applications may, ideally, use 

unpolarized SLEDs with an equal amount of TE- and TM-polar-

ized light output.  

The PER follows from the different TE and TM material 

gain, which is strongly impacted by the strain of the active-re-

gion layers. Generally, high PER values are obtained for com-

pressively strained layers. It is reduced with decreasing com-

pressive strain. Passing the unstrained material composition and 

targeting for tensile-strained material, the PER gets smaller and 

may be close to zero dB (or unity) for sufficient tensile strain. In 

this presentation, we show that using quaternary active layers 

allows for an independent adjustment of both the PER and the 

emission wavelength by proper choice of the material composi-

tion. We discuss the achievable PER performance characteristics 

with an example of 800-nm SLEDs having a GaInAsP-based ac-

tive region. Our simulations show that PER values in the range 

of 0 dB up to 15 dB can be realized. The simulation results are 

verified by comparison with experimental results.       

 

II. ACTIVE REGION DESIGN 

Typically, the active-region layer(s) of SLEDs consist either 

of ternary compound materials or quaternary materials like 

(AlxGa)InyAs or GaxIn1-xAsyP1-y. In contrast to ternary materials, 

the latter offer two degrees of freedom since the concentrations 

x and y can be varied independently. This allows for the separate 

adjustment of the wavelength range of the emitted ASE spec-

trum and the strain of the active-region layers. Alternatively, 

SLED structures with similar ASE emission spectrum around 

the same center wavelength but different active-layer strain can 

be designed. As an example, Fig. 1 shows the required x and y 

concentrations for bulk GaInAsP material yielding an ASE 

emission spectrum fixed at around 800 nm with strain values 

ranging from -0.36% (compressive strain) up to +0.38% (tensile 

strain). Based on this graph, two SLED structures with different 

active-region strain but otherwise identical epi structure were re-

alized. For the first structure (SLED 1) the nominal strain of the 

quasi-bulk active-region layer has been set to -0.25% (compres-

sive) and for the second structure (SLED 2) to +0.18% (tensile). 

We compare the measured electro-optical device performance 

for both SLED structures against our simulation results. The 

very good agreement is the basis for the extrapolation to SLED 

structures with other strain values.   

 

Fig. 1: x and y concentration as function of the required strain for bulk GaInAsP 
material with an emission spectrum at around 800 nm. Two SLED structures 

with a nominal strain of -0.25% and +0.18% were realized.   



III. DEVICE CHARACTERIZATION 

The electro-optical chip performance depends critically on 

the accurate growth of the epitaxial layer structure according to 

the design recipe. Therefore, each growth is analyzed using 

scanning transmission electron microscopy (STEM) imaging, 

allowing accurate measurements of the thickness of the individ-

ual layers, particularly the quantum wells in the active region. 

Moreover, the STEM data can be used to quantify the strain in 

the active region by determining the out-of-plane strain εx rela-

tive to the surrounding adjacent layers used as a reference. As an 

example, Fig. 2 shows STEM results obtained for SLED 1, fea-

turing a compressively strained active region sandwiched be-

tween tensile-strained barrier layers surrounded by unstrained 

waveguiding layers. The upper panel shows the STEM image 

with the corresponding map of the relative out-of-plane strain, 

while the lower panel displays the vertical line profile extracted 

from the strain map.  

If the stoichiometric composition of the layers is known, the 

measured relative out-of-plane strain data can be used to calcu-

late the absolute in-plane strain values by interpolating the un-

strained lattice parameters and elastic constants of the corre-

sponding binary compound materials. In the present analysis, the 

nominal stoichiometric compositions of the layer materials are 

used. Alternatively, the composition can be determined experi-

mentally using Energy-Dispersive X-ray Spectroscopy (EDX) 

or by Secondary Ion Mass Spectrometry (SIMS). The remaining 

values are taken from textbooks.  

According to Fig. 2, relative out-of-plane strain difference of 

+0.55% is observed between the active region and the unstrained 

waveguiding layers. This value was obtained by averaging value 

measured on the upper and lower sides of the active region. 

Based on this measurement an in-plane compressive strain of 

slightly above -0.30% is calculated, which is reasonably close to 

the nominal target strain value of -0.25%. Similarly, an in-plane 

tensile strain of slightly below +0.30% is derived for the barrier 

layers, which is also close to the target strain of +0.25%.   

 

        
Fig. 2: STEM inage and corresponding out-of-plane strain (εx) map of SLED 1 

(upper panel) together with the strain line profile extracted from the strain map 

(lower panel). 

IV. ELECTRO-OPTICAL CHIP PERFORMANCE 

The electro-optical chip performance has been simulated us-

ing a full 3D simulation software package. The simulator has 

been calibrated, basically only by adjusting the measured total 

output power and spectral shape of SLED 1. Other simulation 

results, like the PER obtained for both SLED structures, follow 

directly without further adjustment of the simulation tool.     

Figure 3 shows that both the measured L-I characteristics for 

the total output power and the ASE spectra are well reproduced 

by the simulation tool.  

 
Fig. 3: Total ex-facet output power versus current (left side) and ASE spectra at 

120 mA for both SLED designs (right side). The solid lines are obtained from 
simulations whereas the dashed lines represent measurement results.  

In Fig. 4, the simulated PER as function of the injection cur-

rent is compared for the range of strain values shown in Fig. 1. 

As shown, the PER can be as high as 15 dB for a compressive 

strain of -0.36%, while it is close to zero over the whole current 

range for a tensile strain of +0.33%. Using higher values for the 

tensile strain, SLEDs with negative PER might be feasible. 

 
Fig. 4: Simulated PER as function of the injection current for different strain of 

the active-region layer of 800-nm SLEDs. The dashed lines show the measured 
PER of both realized SLED structures.   

 

V. SUMMARY 

We have shown that quaternary compound materials for the 

active region offer more design flexibility compared to ternary 

materials. We have demonstrated that, for a given emission 

wavelength, the PER of an SLED can be varied over a large 

range of ~15 dB by proper choice of the material composition.  
 

REFERENCES 

N. Matuschek and M. Duelk, “Superluminescent light-emitting di-

odes,” in Handbook of Optoelectronic Device Modeling & Simulation, 
ed. J. Piprek, ch. 19, CRC Press, 2019. 


